Introduction
Vascular calcification is common and progressive in chronic kidney disease (CKD) [1] , and vascular calcification increases the risk of cardiovascular events [2] . Vascular calcification is one form of arteriosclerosis, and vascular calcification, which has been associated with osteochondrogenic differentiation of vascular smooth muscle cells [3] [4] [5] , is considered to have some points in common to physiological calcification of the bone. It has been reported that serum phosphate induces vascular smooth muscle cell apoptosis and osteochondrogenic differentiation [4, 6] , and that serum phosphate levels are considered to be associated with vascular calcification [7] [8] [9] . In CKD patients, chronic inflammation and accelerated oxidative stress are common, and can also induce vascular calcification [10] [11] [12] . Thus, various factors have also been considered to be associated with vascular calcification [13] . In hemodialysis patients, vascular calcification is often present, and is present at the initiation of dialysis therapy, suggesting that vascular calcification progresses during non-dialysis CKD [13, 14] . However, the extent to which vascular calcification is advanced with regards to the progression of renal failure remains to be further elucidated. Although quantitative evaluations of coronary artery calcification, using Agatston score by electron beam computed tomography or multi-slice computed tomography, have been reported [7, [15] [16] [17] , factors associated with aortic calcification in patients with non-dialysis CKD have not been fully elucidated. This is partly due to the fact that there are no well-established methods for the quantitative evaluation of aortic calcification. We hypothesized that aortic calcification quantitatively examined progresses with the advancement of CKD. In the present study, we evaluated aortic calcification by use of the Agatston score, as measured by multi-slice computed tomography, and examined factors associated with the presence and advancement of aortic calcification.
Patients and Methods

Patients
All CKD patients in the present study were followed regularly by nephrologists of Osaka City University Hospital for the treatment of CKD, and were admitted to the Hospital, for treatment and education of CKD. None of the patients received phosphate binders or cinacalcet for the treatment of secondary hyperparathyroidism. Patients with malignancy and clinically overt infection were excluded. All patients provided informed consent prior to participation in the present study. This study was approved by the hospital ethics review committee (#1745 of Osaka City University Hospital).
In this study, hypertension was defined as (1) administration of antihypertensive agents or a history of hypertension, (2) systolic pressure ≥ 140mmHg, or (3) diastolic pressure ≥ 90 mmHg, as reported previously [18] . Diabetes mellitus was defined as (1) administration of insulin or oral antidiabetic agents, (2) prior diagnosis according to the Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus of the American Diabetes Association [19] .
Serum calcium was corrected by serum albumin, according to the formula: Corrected Ca [mg/dl] = measured Ca [mg/dl] + (4 -serum albumin [g/dl]), when serum albumin was below 4.0 g/dl. Serum PTH was measured by electrochemiluminescence immunoassay (Elecsys PTH; Roche Diagnostics GmbH, Manheim, Germany). The assay detected 5-4000 pg/ml of intact PTH, with intra-and interassay coefficients of variation were 2.93 and 3.25%, respectively [18] .
Measurement of aortic calcification by multi-slice computed tomography
Patients were scanned in the supine position in the craniocaudal direction, using a 64-slice CT scanner (Somatom Sensation 64; Siemens Medical Solutions, Forchheim, Germany), in which images were obtained with a 3 mm single slice thickness. The aorta distal to the renal artery to the bifurcation was examined. Aortic calcification was defined as the volume of 2 adjacent pixels with a CT density of > 130 Hounsfield units within the distribution of the abdominal aorta. All of the acquired sections of multi-slice computed tomography were then reviewed by an experienced investigator who was blinded to the clinical data. The intraobserver correlation was 0.99 [20] . The quantitative aortic calcification was calculated according to the method described by Agatston et al [21] .
Statistical analysis
All data are expressed as the mean ± SD or median (25 th -75 th ). Differences between groups were examined by unpaired Student's t-test or Mann Whitney U test. Categorical variables were compared using χ 2 test or Fisher's exact test. Agatston scores were compared among the patients at each of the CKD stages with one-way ANOVA followed by post-hoc Scheffé tests. In multiple regression analyses, the Agatston score was logarithmically transformed as a dependent variable. Gender, diabetes mellitus, current smoker and hypertension were represented by dummy variables (0 = male, 1 = female, 0 = absence, 1 = presence). A p-value < 0.05 was considered statistically significant. These analyses were determined on a Windows computer using the Stat View V Statistical System (SAS Institute, Cary, NC).
Result
Clinical parameters of the patients
In Table 1 , the clinical parameters of the patients who participated in the present study are shown. The mean (± SD) age was 58 ± 16 years. Of the 149 patients, there were 96 males and 53 females, and 48 (33.2%) had diabetes mellitus. The mean (± SD) eGFR was 40.3 (± 29.3) ml/min/1.73m 
Presence of aortic calcification
Of the 149 patients, aortic calcification with an Agatston score > 0 was detected in 117 (78.5%), and the remaining 32 exhibited no aortic calcification (Agatston score = 0). As shown in Table 1 , the patients with aortic calcification were significantly older than those without (p < 0.001), and aortic calcification was found more often (p = 0.023) in diabetic patients. Aortic calcification was more frequently observed in patients with a history of hypertension (p < 0.001). Serum creatinine was significantly higher in patients with aortic calcification than in those without (p < 0.001), and eGFR was significantly lower in the former than in the latter group (p < 0.001). C-reactive protein (CRP) was significantly higher As shown in Figure 1 b, Agatston scores increased according with advances in the CKD stages. The Agatston scores of CKD stage 5 were significantly higher than those of CKD stages 1 and 2 (p = 0.024 and p = 0.013, respectively).
Independent association with Agatston score in patients with aortic calcification (Agatston score >0)
We performed multiple regression analyses to investigate whether the Agatston score was associated with eGFR, serum phosphate and log [intact PTH], in patients with Agatston scores > 0, after adjustment for age, gender, diabetes mellitus, hypertension, log [CRP] and smoking (Table 3 ). In the analyses, the Agatston score was logarithmically transformed as in patients with aortic calcification than in those without (p < 0.001). HemoglobinA1c and glycated albumin were significantly higher in the former than in the latter group (p = 0.014 and p = 0.008, respectively). Intact PTH was significantly higher in the former than in the latter group (p < 0.001). 
Correlations between the
Discussion
In the present study, we quantitatively examined aortic calcification from the region distal to the renal artery to the bifurcation in patients with CKD by use of the Agatston score, as measured by multi-slice computed tomography. In regard to the presence of aortic calcification (Agatston score > 0), compared with the absence of aortic calcification (Agatston score = 0), we found that aortic calcification was observed significantly more often in older patients, diabetic patients, those with hypertension, and those with higher serum creatinine, higher hemoglobinA1c, higher glycated albumin, and higher intact PTH. eGFR was significantly lower in patients with aortic calcification. As the CKD stages advanced, the Agatston scores increased significantly. In regards to the degree or advancement of aortic calcification in patients with Agatston score > 0, the Agatston score correlated significantly and positively with age, serum creatinine, and serum phosphate and correlated significantly and negatively with eGFR. Multiple regression analyses revealed that higher age and lower eGFR were significantly and independently associated with higher Agatston scores. To our knowledge, this is the first study, in which aortic calcification was quantified by use of Agatston scores in non-dialysis CKD patients.
Several previous studies have evaluated aortic calcification, but relatively few actually focused on non-dialysis CKD patients. Kauppila et al. semi-quantitatively evaluated abdominal aortic calcification using lateral lumbar X-ray films, applying scores of 0 to 3 from the posterior to anterior wall of each vertebral segment [22] . In hemodialysis patients, Adragao et al. reported the semi-quantitative evaluation of arterial calcification of the pelvis and hands using X-ray films [23] . We previously evaluated abdominal aortic calcification by plain lateral abdominal X-ray film [24] . Using plain computed tomography, we semi-quantitatively evaluated indicators of aortic calcification [25] . These methods are complicated to perform and calculate, and not quantitatively precise. The Kidney Disease Improving Global Outcomes (KDIGO) guidelines suggest the evaluation of abdominal calcification in patients with CKD stages 3 to 5 [26] . All of these reports implemented qualitative or semi-quantitative assessments of aortic and arterial calcification, using plain X-ray films or computed tomography, but did not use quantitative methods. In regards to coronary artery calcification, quantitative evaluations, using Agatston score by electron beam computed tomography or multi-slice computed tomography, have been reported, and factors associated with coronary artery calcification have been examined [7, [15] [16] [17] . In previous studies analyzing Agatston score of the coronary arteries, an Agatston score > 400 has been considered to be severe [15, 16] . Since there has not been any study in which aortic calcification was examined by use of the Agatston score, we cannot determine the significant value for severe aortic calcification from the present study. In the present study, aortic calcification from distal to the renal artery to the bifurcation was examined quantitatively in non-dialysis CKD patients, using the Agatston score as measured by multi-slice computed tomography, and factors associated with both the presence and degree of aortic calcification were evaluated.
In previous studies analyzing factors associated with the presence of vascular calcification, older patients, patients with diabetes, hypertension, smoking and chronic inflammation have been reported to exhibit advanced vascular calcification [25, [27] [28] [29] . Merjanian et al. reported that CKD patients with diabetes mellitus exhibit more severe vascular calcification [30] . We reported previously that chronic inflammation was associated with the presence of vascular calcification in hemodialysis patients, using plain X-ray film [12, 24] . Similar to these reports, in the present study, age was significantly higher in patients with aortic calcification; CRP was significantly higher; diabetes, hypertension and a history of smoking were observed significantly more often in patients with aortic calcification.
In the present study, we further analyzed the factors associated with the degree or advancement of aortic calcification, i.e., advancement of aortic calcification measured by Agatston scores. For the advancement of aortic calcification, diabetes, hypertension and CRP were not significant factors in multiple regression analysis after adjustment for the confounders of age, gender, and smoking. Serum phosphate is well known to be a risk factor of vascular calcification in hemodialysis patients [7] . Hyperphosphatemia induces differentiation of vascular smooth muscle cells into osteoblasts, as well as apoptosis [4] . In the present study, there were significant positive correlations with serum phosphate and Agatston scores. In multiple regression analysis, serum phosphate was significantly and independently associated with the advancement of aortic calcification in the analysis of model 3, which did not include eGFR; however, serum phosphate was not a significant factor associated with the advancement of aortic calcification in the analysis of model 5, in which eGFR was included as a confounder. This finding may suggest that higher serum phosphate was associated with aortic calcification through decreases in eGFR. In the multiple regression analysis of model 5, where all factors were included, eGFR remained a significant factor associated with the advancement of aortic calcification, as assessed by Agatston scores. This finding may suggest that decreases in renal function, itself, or some unknown factors associated with decreased renal function, may be associated with the advancement of aortic calcification.
In recent studies, it has been reported that fibroblast growth factor 23 (FGF23), which is elevated during the early stages of CKD, and serum Klotho, which is decreased in patients with CKD, are both associated with vascular calcification [31] . Klotho-deficient mice exhibit a syndrome that includes a short life span, atherosclerosis and soft-tissue calcification, particularly vascular calcification [32] . Klotho is also capable of directly inhibiting phosphateinduced calcification of vascular smooth muscle cells in vitro [33] . Shoppet et al. reported that FGF23 was associated with advanced aortic calcification in healthy men [34] . Although we could not determine the mechanism by which decreased eGFR, itself, was significantly and independently associated with the degree of abdominal aortic calcification, factors that can be altered from the early stage of CKD, such as elevation of FGF23 or decreases in Klotho, may cause advancement of aortic calcification. Possible factors that may be associated with vascular calcification, i.e., serum FGF23 and Klotho, should be examined in future investigations.
There are some limitations in the present study. First, evaluation using multi-slice computed tomography did not allow the evaluation of early-stage, minute calcification. This method also did not allow any distinction between intimal and medial vascular calcification. Differences have been reported in the mechanisms and clinical implications of intimal and medial vascular calcification [35, 36] . However, aortic calcification is considered to be a mixture of both intimal and medial calcification [36] . Our method of multi-slice computed tomography is able to measure total intimal and medial calcification. Secondly, we could not compare the Agatston scores of abdominal aortic calcification with the previous qualitative or semi-quantitative methods of evaluation of aortic calcification as described above. This is partly due to the fact that previous semi-quantitative methods [22] [23] [24] [25] are complicated to perform and calculate. It is extremely difficult to validate qualitative, semi-quantitative and qualitative measurements. We believe that our method of measuring Agatston scores for the quantitative assessment of abdominal aortic calcification is comparatively easier and more precise than the previous semi-quantitative methods. Thirdly, we could not analyze factors associated with the Agatston scores separately according to CKD stage, due to the relatively small numbers of patients in each CKD stage. Forthly, because of the cross-sectional nature of the study, the association between several factors and the presence or advancement of abdominal aortic calcification does not necessarily indicate causality, i.e., it remains unknown whether low eGFR directly or indirectly leads to the presence or advancement of aortic calcification. Other possible factors which may be associated with vascular calcification in CKD patients, for example serum FGF23 and Klotho, are necessary to be measured in the future study.
Conclusion
We quantified abdominal aortic calcification in non-dialysis CKD patients using the Agatston score. We found that lower eGFR was associated significantly with the presence of aortic calcification, and that decreased eGFR was significantly and independently associated with quantitative advancement of aortic calcification after adjustment for various confounders, including age, diabetes, CRP and serum phosphate. Further studies are needed to explore what factors are responsible or causative for advancing aortic calcification in patients with decreased renal function.
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